Foot problems are a common concern in elephant husbandry. Studies on this topic with sample sizes greater than 100 animals have only been carried out in North America. We investigated foot health of 243 Asian elephants (Elephas maximus) in 69 European institutions. During on-site visits between August 2016 and July 2017, standardized pictures were taken of each elephant's nails and pads. The pictures were analyzed with respect to pathological lesions (i.e. nail cracks, abscesses), care issues (i.e. minor abnormalities, which are easily resolvable with routine foot work), and pad structure. Of all analyzed nails and pads, 35.6% revealed varying degrees of pathological lesions, with minor nail cracks and overgrown cuticles with attachment to the nails being most frequently observed. The most lateral nail (N5) on both front feet demonstrated the highest percentage of pathological lesions, providing support to a separate study showing that the mean peak pressure of an elephant's foot occurs along the most lateral digits; however, this was not observed along the most lateral nail (N5) of the rear feet. Three (of 243) elephants did not show any pathological lesions in their feet. The most common issues requiring foot care were fissures in the nail sole. The structure of the pads was categorized in four grades reflecting the percentage of surface marked by sulci. These four grades occurred at nearly equal frequency. Pearson product moment correlations revealed no significant association between the frequency of care issues and pathological lesions per nail. Despite this finding, it may be prudent to implement husbandry protocols that could alleviate commonly observed pathological and care foot issues in captive Asian elephants. A standardized approach to evaluate elephant foot health will provide a more objective way to monitor responses to management and medical decisions and ultimately contribute to the overall wellbeing of elephants in human care.
INTRODUCTION
Foot problems are a commonly reported concern in the care of captive elephants. 3, 13 There have been several previous studies investigating the status quo as well as the distribution of different pathological lesions within captive elephant populations (Table 1) . Whereas North American investigations dealt with distinctly larger sample sizes, all studies within the European zoo elephant population considered less than 90 individuals. In most studies, foot health was evaluated by local staff, which risks biasing results due to differing degrees of the evaluator's experience. 9, 11, 14 Each study recorded a different set of pathological lesions of the elephant foot, complicating direct comparisons between results. However, nails were generally more frequently affected by pathological lesions than pads or interdigital tissues, and the prevalence of any pathological lesion of feet ranged between 67.4 and 80.3%.
Three studies compared the prevalence of foot problems in Asian elephants (Elephas maximus) versus African elephants (Loxodonta africana). 8, 11, 14 Two of them did not reveal a statistical significance when comparing the feet of both species in terms of lesions. 8, 14 In the third study, there was a small contribution to the statistical model indicating lower frequencies of pathological lesions of feet in African elephants; however, this difference was explained by differing age structures. 11 In contrast to these scientific findings, anecdotal reports from elephant keepers and experts suggested that Asian elephants require more frequent necessity of foot care, especially concerning nails and cuticles because of a different foraging technique than their African counterparts. 18 Furthermore, free-ranging Asian elephants live on more moist and yielding surfaces compared with African elephants. The harder substrates may predispose Asian elephants to a higher suscepti-From the Clinic for Zoo Animals, Exotic Pets and Wildlife, Vetsuisse Faculty, University of Zurich, Winterthurerstrasse 260, CH-8057, Zurich, Switzerland (Wendler, Ertl, Schiffmann, Clauss, Hatt); Tierpark Hagenbeck, Lokstedter Grenzstrasse 2, 22527 Hamburg, Germany (Flu¨gger); Budapest Zoo & Botanical Garden, 1146 Budapest, Á llatkerti ko¨ru´t 6-12, Hungary (So´s). Correspondence should be directed to Dr. Wendler (paulin.wendler@web. de). bility of foot problems in captivity, where such harder substrates are commonly used to promote a clean environment. 1 The present study focuses on assessing the foot health and standardizing the pathological and care lesions of Asian elephants housed in European zoos.
To prevent foot problems, the implementation of routine foot care is a common approach, as it inhibits overgrowth and allows early detection of lesions. 18 Characteristics of a foot in a good care condition are short and smooth cuticles, smooth and normally shaped nails, foot pads without excessive overgrowth, and interdigital spaces of at least one finger's width to allow drainage. 18 Abnormally high or unnaturally distributed pressures on the feet are considered pathogenetic for foot problems such as nail cracks, abscesses, and fluid pockets in the cuticles. 18, 19 In a previous study, peak pressures during walking were measured in seven regions of interest of the feet of five Asian elephants. 16 Five of these regions of interest represented the nail areas. Taking anecdotal accounts of pathological lesions being most frequent in the middle and lateral nails (N3, N4, and N5), the authors concluded that high peak pressures were linked to pathological lesions of feet. However, because of the absence of detailed data, a statistical correlation of nail-specific peak pressures and prevalence of pathological lesions had not been performed in that study.
The aim of this study was to investigate the current status of foot health of Asian elephants in European zoos. The focus lay on analyzing a representative number of elephants by including all member institutions of the European Endangered Species Programme (EEP) and to collect the data in a comparable way by taking standardized pictures of the relevant structures of each foot. Furthermore, the co-occurrence of pathological lesions and care issues as well as of pathological lesions and peak pressures was to be analyzed. Anatomical terms used in this article are presented in Figure 1 .
MATERIALS AND METHODS

Ethics statement
The project was authorized by the management of each participating institution. In addition, it was approved by the Elephant Taxon Advisory Group of the European Association of Zoos and Aquaria and the British and Irish Association of Zoos and Aquariums. The data collection was performed as part of routine training and therefore considered noninvasive.
Data collection
Between August 2016 and July 2017, 69 of 71 EEP-registered zoos were visited by one of two project veterinarians, who proceeded according to a standardized protocol. The remaining two institutions were not visited because of lack of response after contacting or insufficient training of the elephants. In 2016, the EEP population of Asian elephants consisted of 284 animals. 4 Since only elephants aged 5 yr or older at the time of visit were included, 243 individuals could be examined. Forty photographs were taken of each elephant: 18 nails (five per front and four per hind foot) were pictured from a frontal and solar perspective, and one photograph was taken of each pad. A Lumix DMC-GF1 digital interchangeable lens system camera (Panasonic, Osaka, 571-8501, Japan) and Cyber-Shot DSC-H9 digital camera (Sony, Tokyo, 108-0075, Japan) were used, with supplemental lighting provided by a Flashgun FC100 macro ring flash light (Neewer, East Brunswick, NJ, 08816, US). 
Analysis of foot pictures
Requirements for evaluation and approval of the pictures were full visibility and adequate lighting of the examined location. The photographs were processed in a randomized order, and the examiner was blinded to the elephant's identity. At first, all left front feet were analyzed and then all right front feet followed by left hind and right hind feet, avoiding consecutive analysis of the feet of the same elephant.
The pictures of all feet were analyzed for pathological lesions (Fig. 2 ), care issues (i.e. minor alterations easily resolvable by foot care; Fig. 3 ), and the structure of the pad (Fig. 4 ). Based on the experiences made while photographing and following previous descriptions, especially by the Elephant Welfare Group (EWG), 10 different pathological lesions were defined and categorized in three severity grades: mild, moderate, or severe ( Fig. 2) . 12, 18, 19, 24 Nail cracks not reaching the cuticles, not exposing underlying tissues, and without inflammation, and overgrown cuticles with attachment to the nail were categorized as mild lesions, which follows the EWG-classification. 12 By contrast, overgrowth of nails, soles, and pads and cuticles without attachment to the nails, as well as disfigured nails, were not considered to be pathological lesions but were classified as care issues ( Fig. 3 ) because of their lesser degree of severity.
Solar horn defects exposing underlying tissues, major nail cracks (reaching the cuticles, exposing underlying tissues or with inflammation), fluid pockets in the cuticles, and soft tissue areas in the pad were categorized as moderate pathological lesions. Solar horn defects may lead to ascending infections. 5 Another term for major cracks reaching from sole to cuticle is split nail. Split nails can become chronic by damaging the germinal tissue or developing abscesses and are therefore described as serious foot problem. 18, 19, 24 Fluid pockets in the cuticles presumably contain accumulated fluid of sweat glands, sometimes causing pressure and pain. 18, 19 Soft tissue in the pad was identified in the pictures as lighter areas, probably resulting from excessive trimming. 18 Purulent discharge, altered tissues underneath the cuticles paired with solar horn defects (implying the defects spread underneath the entire nail), and substantial apical nail lesions exposing underlying tissues were classified as severe lesions. Sterile nail abscesses may develop from devitalization in deeper tissue layers and usually rupture at the cuticle or nail sole. 18 Therefore, altered tissues on both locations imply a more serious underlying process. Substantial apical nail lesions may damage germinal tissue, leading to serious interference with the growth of new, healthy nail tissue. If there was more than one pathological lesion on the same nail or pad, the worst lesion determined the severity grade.
Minor foot defects, defined as conditions easily resolvable with routine foot work, were categorized as care issues (Fig. 3 ). These included frayed cuticles without attachment to the nail, superficially fissured nail soles, abnormal or disfigured nail surfaces or horn rings (recorded per nail), frayed pad edges, and spaces between the nails narrower than one finger's width (recorded per foot). To analyze them on an individual basis, all care issues were counted, resulting in a theoretical maximum of 17 per front foot (frayed cuticle, fissures and disfigurements on five nails, frayed pad edge, and too narrow interdigital spaces) and of 14 per hind foot because of the reduced number of nails. Consequently, the theoretical maximum of care issues per elephant is 62.
As another concern of foot care without evident link to pathological processes, the pad structure was categorized in four grades reflecting the degree of marking by sulci. To determine the grade, the percentage of coverage with sulci was visually estimated, using reference pictures in which these proportions were actually measured by planimetry ( Fig. 4 ).
Descriptive statistics
The prevalence (including their 95% confidence interval) of the different pathological lesions, considered separately and summarized as any pathological lesion, were calculated on different levels including 1. individual nails and pads, 2. entire foot, and 3. whole elephant. On the level of particular nails and pads, the frequencies were calculated for each structure and summed up for all nails and pads. On the foot level, a foot was counted as positive regarding a pathological lesion if at least one nail or pad was affected. The units ''front feet'' and ''hind feet'' result from the summation of the prevalences of the two respective feet. On an elephant level, an elephant was counted as positive if a pathological lesion occurred on at least one foot. The same calculations were carried out for the prevalence of care issues and pad structure grades.
Analysis of co-occurrences
The co-occurrence of pathological lesions and care issues was tested using Pearson's correlation for the prevalences of any pathological lesion and any care issue on the different nails. Using data from an unrelated study on pressure distribution in elephant feet, 15 peak pressures during walking (in kilopascals) were correlated to the prevalence of pathological lesions of feet (in percent) observed in this study. Extrapolating data from that publication, mean pressure values (in kilopascals) of all available elephants were correlated with the prevalence of any pathological lesion, minor nail cracks, attached cuticles, major nail cracks, and solar horn defects (in percent) for each nail. Since the remaining pathological lesions did not occur in all nails, they were not included. In addition, the prevalence of pathological lesions in front and hind feet were compared to the corresponding pressures. 16 
RESULTS
Prevalence and distribution of pathological lesions
Pictures that met the inclusion criteria were available for 4,034 nails and 914 pads ( Table 2) . A complete set of pictures was present for 204 elephants. The remaining elephants did not have the necessary level of training to allow photographing all nails and pads, or the enclosures did not provide the required access.
Of all 4,948 analyzed structures, 64.5% did not reveal any pathological lesion (Fig. 5 ). The remaining 35.5% of structures contained pathological lesions that were classified as being mild (19.7%), moderate (15.1%), or severe (0.8%) ( Fig. 5 ). Whereas 43.6% of the nails showed lesions, only 0.7% of the pads were affected ( Table 2 ). Nails were most frequently affected by minor cracks (19.0%), attached cuticles (13.1%), and solar horn defects (12.4%). Least frequent were fluid pockets (, 0.1%) and apical lesions (0.1%). Soft pads occurred more often than purulent pads (0.5 versus 0.1%).
Pathological lesions of nails were most frequent in the most lateral nails (N5) of the front feet (Fig.  6 ). The middle nails (N2, N3, and N4) were affected nearly equally. Of the front feet, the most medial nails (N1) were least affected, whereas of the hind feet, the lateral nails (N5) showed the lowest frequency of pathological lesions. As displayed in Table 2 , the right front feet showed the highest prevalence of pathological lesions (91.6%), followed by left front feet (86.5%), left hind feet (82.3%), and right hind feet (75.4%). Most lesions were more frequent in front compared with hind feet, except for fluid pockets in the cuticles, which occurred at equal frequency, and soft pads as well as apical nail lesions, which were slightly more frequent in hind feet.
Of the 204 elephants, 1.5% had four feet without any pathological lesion, whereas the remaining 98.5% expressed at least one pathological lesion (Fig. 7) . On average, 7.9 of 22 structures (18 nails and four pads) were affected. In the majority of elephants, four to 12 structures were affected. The anonymized original data is available upon request.
Prevalence and distribution of care issues
Care issues were assessed in 4,034 nails, 891 pads, and interdigital spaces were evaluated in 914 feet (Table 3 ). The number of considered pads regarding care issues is lower than the 914 pads that were used to assess pathological lesions (Table 2) because sometimes, due to the position of the foot, only the pad's surface was sufficiently visible, but not its edge. In 191 elephants, all care issues could be evaluated (Table 3) .
Nearly half of all nails (44.5%) showed care issues ( Table 3 ). Most frequent were fissured nail soles (30.9%) followed by overgrown cuticles (12.1%), and disfigured nails or horn rings (8.9%). In 4.8% of the feet, the interdigital spaces were less than one finger wide and 6.1% of pads showed a frayed edge. In descending order, most care issues were found on the right front (89.6%), left front (82.8%), right hind (82.0%), and left hind feet (79.8%). All care issues occurred more frequently in the front feet, except for frayed edges of the pad; they were nearly 10 times more frequent in hind than in front feet (11.3 versus 1.2%).
Of the 191 elephants 2.1% showed no care issue (Fig. 8 ). On average, an elephant had 9.5 care issues. The highest number was 30 (theoretical maximum, 62).
Distribution of pad grades
Pad grades were evaluated based on the guidelines presented in Figure 4 for 917 feet: 232 left front, 233 right front, 224 left hind, and 228 right hind feet ( Table 4 ). The numbers differ between the feet because sometimes pictures could not be taken of all four feet. For left front feet, Grade 1 was most frequent (27.6%). The highest frequency in right front and left hind feet was found for Grade 2 (30.5 and 29.0%) and for right hind feet, it was Grade 4 (29.4%). Considering all feet, the distribution ranged between 23.3% (Grade 3) and 27.9% (Grade 2). After summation of the grades of elephants with four pad pictures (n ¼ 222), the totals of 11 and 4 occurred most frequently (n 11 ¼ 24, n 4 ¼ 23). The theoretical and actual range for the summed pad grades is 4-16 ( Fig. 9 ).
Analysis of co-occurrences
Comparing prevalences of pathological lesions and care issues on the different nails showed no significant correlation (P ¼ 0.567). According to data of the previously mentioned study, 15 mean peak pressures are highest on the middle nails (N3) of the left hind and left front feet (297.6 and 282.0 kPa) and the lateral and middle nails (N5 and N3) of the right front feet (285.6 and 253.1 kPa). Comparing mean peak pressures of all nails of that study 15 and the prevalence of pathological lesions of the corresponding nails of the present study, significant correlations were found for attached cuticles (r ¼ 0.57, P ¼ 0.013) and major nail cracks (r ¼ 0.53, P ¼ 0.022). Highest mean peak pressures and frequencies of attached cuticles were found in the middle and the lateral nails (N3 and N5) of the right front feet. Both lateral nails (N5) of the front feet showed the highest mean peak pressures and frequencies of major cracks. Minor cracks, solar horn defects, and any pathological lesion were not significantly correlated to mean peak pressures (P 0.05).
DISCUSSION
Analysis of foot pictures
Contrary to previous studies, foot health was not assessed at the time of in-person evaluation of the elephant but was performed upon review of also took the photographs, theoretically allowing the potential recognition of individuals. Since the analysis included more than 8,000 photographs showing foot structures in a standardized format, and feet in randomized order, recognition was rather unlikely. Using example pictures and accurate descriptions, pathological lesions and care issues were defined as precisely as possible. Nevertheless, the distinction between minor and major cracks considering the exposition of underlying tissues and between fissures in the nail sole and more profoundly extending solar horn defects was sometimes difficult. To minimize unequal evaluation, all pictures were processed by the same person. In most previous studies, foot health was evaluated by local zoo staff, risking biasing results through different individual experience. 9, 11, 14 For future studies that compare or summarize similar health conditions, an evaluation of all individuals by the same person is therefore recommended. Alternatively, a requirement would be to supply the examining persons with example pictures and detailed descriptions of the defined pathological lesions to generate comparable data.
Prevalence of pathological lesions
This study evaluated foot health among a high percentage (82.9%) of the captive Asian elephant population in European zoos. The prevalence of pathological lesions per individual elephant in this report (98.5%) was higher than in previous European studies (67.8 and 80.3% in United Kingdom zoos). 8, 9 The increased prevalence is presumably due to the higher sensitivity of evaluating lesions using standardized pictures compared to direct evaluations, as opposed to reflecting a general deterioration of foot health within the captive population. Mild lesions such as minor cracks and attached cuticles, which occurred most frequently, might be considered normal in elephants. 8 Nevertheless, there was also a high frequency of moderate lesions such as solar horn defects (69.6%) and major cracks (58.8%) ( Table 2 ). Because it is questionable whether an elephant should be considered ill if, for example, , as opposed to an individual elephant level, the prevalence decreases to 35.5%. Although previous studies have evaluated pathological lesions, variations in data parameters and categories has precluded comparisons with these findings. The frequency of pathological lesions of feet in free-ranging elephants is unknown due to difficulties in collecting data. 6 For captive elephants in India, prevalences of 49.1 and 84% have been reported. 17, 20 Although these elephants lived in their natural habitat, husbandry conditions were often not comparable to the natural environment, because many elephants considered in these studies were kept in simple enclosures on mud or concrete flooring, used for logging or tourism activities or were regularly chained. 17, 20 Therefore, the natural occurrence of foot lesions and the extent of the influence of inadequate husbandry cannot be derived from these data. Further investigations on free-ranging Asian elephants are required to explore their foot health status.
Reasons for the most common foot pathologies
Most common pathological lesions were nail cracks, attached cuticles, and solar horn defects. Nail cracks are suspected to develop from unnatural pressures on the nail. Possible causes for abnormal pressure are hard surfaces (especially when lying down and getting up), nail overgrowth, trauma, being overweight, repetitive stereotypic movement, and leg malalignment. 18, 19, 24 Similar to the hoof mechanism in horses, the elephant's whole foot expands when bearing weight and contracts after the weight is lifted. 2, 23 Measuring the area under the elephant's foot when standing on three versus four feet showed that the area increases with higher pressures, which verifies the transformations within the foot. 21 During walking, there is a continuous expansion and contraction; thus, minor nail cracks easily extend further to major cracks. 23 An adequate foot care regimen may prevent cracks from growing larger by minimizing pressure and displacing forces. Therefore, the affected nail needs to be shortened with the smaller part of the split nail being trimmed even more, so that the two parts of the nail do not shift against each other. 18 The reason for Asian elephants' tendency to develop overgrown or attached cuticle is unknown. Possibly, the intense use of the feet while grazing might be associated with a more continuous nail and cuticle growth. But because several keepers stated that in some Asian elephants, cuticle work is not necessary, the existence of further causes (e.g. genetic causes) is possible. Using their trunk, some elephants tend to manipulate the overgrown cuticle, injuring the skin and generating an entry point for microorganisms.
A potential pathogenesis of nail infections is the embedding of foreign bodies in the nail, leading to a blackening and necrosis of the area. 10 This condition reflects a solar horn defect. Aside from foreign bodies, inadequate foot care or previously weakened nail tissue because of poor nutrition, poor general health, or unsanitary substrates predispose the nail to infections. 5, 7 Prevalence of care issues
The recording of care issues allowed the consideration of minor foot modifications, being insufficient to be regarded pathological but still anatomically abnormal. Similar to the interpretation of pathological lesions, it might be more appropriate to look at the prevalence of care issues on the level of particular structures (nails, pads, and interdigital spaces) (32.4%) than on the individual elephant level (97.9%). Here, similar frequencies of care issues and pathological lesions with overlapping confidence intervals (CIs) concerning nail changes (CI care , 43.0-46.0%; CI patho , 42.0-45.1%), were found. The number of care issues might depend on the general husbandry conditions as well as the time since the last foot care procedure. Foot care in a herd is usually carried out as a continuous process (e.g. one foot per day), and not all feet are cared for at the same time. Therefore, it was not possible to capture all feet at the same stage after foot care due to relatively short visits to each facility. If data were recorded directly after foot care, the aim would be to have no care issues. Because data were collected at a random date, sometimes even shortly before the next scheduled foot care, a certain percentage of care issues was to be expected. This should not be a matter of concern regarding foot health as long as an adequate foot care is carried out on a regular basis, assuming that a well-cared foot allows early detection of problems and prevents deterioration. 18, 22 
Distribution of pad grades
The foot pads of wild elephants appear rough with deep grooves and cracks, which are nevertheless in balance of growth and wear through walking great distances. 18 Captivity might either lead to an excessive pad growth due to a lack of exercise, or to corrosion through the frequent exposure to urine and feces. 18 The four grades were nearly equally distributed, with overlapping CIs. Suggested main influences on the pad structure are flooring and activity determining the natural wear as well as trimming during foot care. Opinions among elephant keepers differed as to whether pads should be trimmed to a smooth surface or left rough with sulci. Whereas a smooth surface avoids missing foreign bodies during foot care, a rough surface provides natural protection and might also help reducing pressures on the nails by exceeding their level. Peak pressure measurements with differently structured pads would be necessary to verify this. In captive elephants, foot pads were found to be half as thick as in wild elephants, which implies that not trimming pads might be preferable. 1 Nevertheless, based on the collected data, it cannot be determined which pad structure is best for foot health in captive elephants. An analysis on an elephant basis that correlates the general foot health with the pad structure might provide further insight. To do so, a foot scoring system suitable for epidemiological approaches is required.
Distribution of pathological lesions of nails and correlation to care issues and peak pressures
Using different methods, previous studies found higher pressures in elephants' front compared to hind feet: during walking, there was a difference of 5% when using statistical parametric mapping and a difference of 73% when comparing peak pressures. 16 Similarly, elephants standing on all four feet showed 45-59% lower pressures in their hind feet. 21 The prevalence of any pathological lesion found in this study was 10.3% higher in front than in hind feet with nonoverlapping CIs (CI front , 85.8-91.7%; CI hind , 74.7-82.4%), supporting a potential association between pressure and pathological lesions. However, the higher prevalence in front feet might also be due to the higher number of potentially affected structures by having one additional nail. When calculating the percentage of pathologically lesioned nails and pads for all front versus all hind feet, the prevalence is still higher in front feet with nonoverlapping CIs (CI front , 35.5-39.1%; CI hind , 31.5-35.4%), but the difference is not that considerable anymore (37.3 versus 33.4%).
To explain the distribution of pathological lesions to the different nails, a combined influence of pressure distribution and care status of the nails can be considered. The high frequency of pathological lesions in the lateral nail, N5, of both front feet might be explained by deficient foot care. Performing foot care is extremely physically demanding. During observations of routine trimming at multiple facilities, keepers commonly began working on the big, obvious middle nails N2, N3, and N4 of the front feet. When it comes to N5, the strength of the person doing the foot trim might begin to fail. In addition, this nail was observed to be often difficult to reach if the elephant is treated in protected contact. But with that explanation, why was the lowest frequency found for the front feet's medial nails N1, which are also difficult to reach? For these nails, it can be assumed that being smaller and bearing less weight might prevent them from being affected by problems. Whether these are the real causes for the difference in prevalence remains to be elucidated.
As there was no significant correlation between the distribution of care issues and pathological lesions, the hypothetical explanation for the high frequency of pathological lesions in N5 could not be confirmed. Other suggested reasons for problems with the lateral nails are sleeping on hard surfaces in lying position and higher pressures, but both of which would affect front and hind feet. 16, 18 The relation of peak pressures and pathological lesions reveals significantly more attached cuticles and major nail cracks for nails with higher peak pressures. This was true for the middle and lateral nails (N3 and N5) of the right front foot regarding attached cuticles and for the lateral nails (N5) of both front feet regarding major nail cracks. For major nail cracks, abnormal pressures were already discussed as part of the pathogenesis, so these findings support this assumption. Overgrown or attached cuticles were so far not linked to high pressures, but because the pathogenesis is unknown, high pressures are worth considering in addition to other factors such as genetics or nutrition. The results of the correlations to peak pressures should be regarded with caution, because pressure values were only available for a small sample size (five elephants) of young age (mean, 12.2 yr). 15 This might limit the comparability to our sample population (mean age, 29.7 yr). In addition, except for the two youngest elephants, pressure values were not available for all feet, which distorts the mean pressures because heavier elephants show higher peak pressures. 16 Abnormal pressures as pathogenesis for foot problems currently form a basic idea of preventive foot care; therefore, their contribution should be further analyzed, comparing pressure values and pathological lesions of the same sample population while also examining the influence of foot care and different substrates. By implementing a standardized approach to evaluating foot health in captive Asian elephants, data between studies can be easily compared and eventually used to advance the overall wellbeing of this species in human care.
